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The fully developed amphibian notochordal axis consists of a
complex notochordal sheath and notochordal cells. When isolated from
its sheath and cultured in vitro, the notochord comprises an ideal system
for investigating the effects of chemical agents on cultured cells.
Within recent years compounds which are structurally related to
metabolically important metabolites in living cells have been attracting
widespread attention. Out of investigations involving many of these com¬
pounds has grown the concept that substances chemically related to a meta¬
bolite may interfere with the normal function of that metabolite in living
cells.
Desthiobiotin, deoxypyridoxine, and L-arginine-monohydrochloride
are analogs of biotin, pyridoxine, and arginine, respectively. Desthio¬
biotin has been found to be capable of replacing biotin as a growth pro¬
moting factor in many organisms. Deoxypyridoxine, a metabolic anta¬
gonist of pyridoxine, was found to inhibit multiplication of certain viruses
in tissue culture. Existing evidence indicates that L-arginine-monohydro¬
chloride is involved in nitrogen metabolism. With this in mind, an investi¬
gation was undertaken to determine the effects these three analogs might
have on nucleic acid and protein localization in amphibian notochordal




During recent years, compounds structurally similar to, but in
some cases biologically antagonistic to metabolically important sub¬
stances, have been found to exist in nature. Many others have been syn¬
thesized in the laboratory. These agents, which usually act in competition
with vitamins, hormones, or other metabolites, may exhibit their effects
by the production of signs of deficiency of the metabolite to which they bear
structural resemblance (Wooley, 1947). The concept that substances
chemically related to a metabolite may interfere with the normal function
of that metabolite in living cells has attracted widespread interest among
biologists and chemists. Such subtle relationships between a metabolite
and its structural analog tends to throw light on the mechanisms of bio¬
chemical reactions.
Three growth analogs that have attracted the attentions of investigators
are desthiobiotin, deoxypyridoxine, and L-arginine-monohydrochloride.
Desthiobiotin, a vitamer of biotin, was first obtained from biotin as
a degradation product by cleavage with Raney nickle in 194Z (Du Vigneaud,
Melville, Folkers, Wolf, Mozingo, Keresztesy and Harris). The total




A structural analog like desthiobiotin may be active in some organisms
as the metabolite, and in others it may be antagonistic. Melville, Dittmer,
Brown and Du Vigneaud (1943), using the yeast-growth method of biotin
assay (Snell, Eakin, and Williams, 1940), found that desthiobiotin is
equally as effective as biotin in stimulating the growth of Saccharomyces
cerevisiae. strain 139. It was found that desthiobiotin produces easily
noticeble growth effects in a concentration of less than 1 part in 400, 000,
000, 000. These investigators concluded that desthiobiotin, on a weight
basis, is fully as active as biotin for this strain of yeast. On the other
hand, they found that desthiobiotin did not stimulate the growth of Lacto¬
bacillus casei. Subsequently Lilly and Leonian (1944) confirmed the
findings of Melville, Dittmer, Brown, and Du Vigneaud (1943) that L. casei
does not grow when desthiobiotin replaces the biotin in the medium, where¬
as S. cerevisiae. strain 139, grows readily. These investigators also
reported that L; arabinosus, Sordaria fimicola. and Ceratostomella pini
416 manifested increased growth when the nutrient medium contained less
than depressant amounts of desthiobiotin in addition to biotin. Since none
of the organisms grew in the presence of desthiobiotin alone, it was pre¬
sumed that the increased growth was caused by the utilization of desthio¬
biotin in the presence of small amounts of biotin.
These results suggested that organisms unable to use desthiobiotin in
the absence of biotin may do so to a limited extent in the presence of biotin.
Whether this is due to partial replacement or transformation into other
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vitamers of biotin is not known.
In a similar vein, Perlman (1948) found that desthiobiotin may
replace biotin as a growth factor for certain Clostridia. It was found
that mixtures of both biotin and desthiobiotin were, in general, as active
as the corresponding amount of biotin.
Taber and Vining (1957) found that Claviceps purpurea was also
responsive to desthiobiotin. In culture, it was found that desthiobiotin
could slightly replace biotin as a nutritional requirement.
The optically inactive form dl-desthiobiotin appears to be less
active as a growth stimulant than biotin. Wood and Du Vigneaud (1945)
found that dl-desthiobiotin was only one third as active as biotin in pro¬
moting the growth of S. cerevisiae in a medium deficient in biotin. On the
other hand, Rubin, Drekter and Moyer (1945) found that dl-desthiobiotin
was 50% as active as d-biotin in promoting the growth of S. cerevisiae and
approximately half as effective as d-desthiobiotin in inhibiting the growth
of^ casei, suggesting that the 1-derivative is without antibiotin activity.
They also found that dl-desthiobiotin had a low order of activity in rats.
Deoxypyridoxine, an analog and metabolic antagonist of pyridoxine,
has been mainly used to study pyridoxine deficiency in animals. Umbreit
and Waddell (1949) demonstrated that deoxypyridoxine exerts its effect as
an antimetabolite for the vitamin group by first being converted into
deoxypyridoxine phosphate. This compound then competes with pyridoxal
phosphate for the apoenzyme. It has little effect though once the pyridoxal
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phosphate has combined with the apoenzyme.
Porter, Clark and Silber (1947) reported the effects of short term
administration of deoxypyridoxine and methoxypyridoxine upon the urinary
excretion of kynurenine and xanthurenic acid by the rat in an attempt to
determine the effect of these analogs upon metabolism. They concluded
that deoxypyridoxine and methoxypyridoxine interferes with some phase
of tryptophane metabolism.
Deoxypyridoxine and methoxypyridoxine are also powerful competitors
to pyridoxin in the chick (Ott, 1946; 1947). Carvens and Snell (1949a; 1949b)
investigated the effects of deoxypyridoxine on chick embryos and found that
1000 g of deoxypyridoxine injected into eggs prior to the start of the incu¬
bation period resulted in 100% mortality of the embryos by the end of the
fourth day of incubation. They found that these inhibitory effects could be
prevented by simultaneously injecting sufficient amounts of pyridoxal-HCLi,
pyridoxamine-2HCL or pyridoxine-HCL. No toxicity was observed when
1000/*g of deoxypyridoxine was injected after four or more days of incu¬
bation.
Within the past thirty years, there has been growing interest in deoxy¬
pyridoxine as a potential anticancer agent. Stoerk (1947) reported that
lymphosarcoma transplants failed to grow in mice on a pyridoxine deficient
diet and that these implanted tumors regressed when the mice were placed
on a deficient diet with deoxypyridoxine added. Since that time, the inhi¬
bition of growth of certain experimental tumors in vivo by means of the
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pyridoxine antagonist deoxypyridoxine has been repeatedly demonstrated
(Brockman, Thomson, Schabel, and Skipper, 1956; Skipper, Thomson
and Schabel, 1963; Rosen and Milholland, 1963; Mihich and Nichol, 1963).
There seems to be little doubt today of the in vivo dependence of certain
experimental neoplasms on vitamin B ,6
Deoxypyridoxine has also been shown to have effects on mumps
and influenza viruses. Cushing and Morgan (1952) found that deoxypyri¬
doxine inhibits the multiplication of mumps and influenza (PR8) viruses
in tissue cultures at concentrations shown to be without observable toxic
effects on the tissue itself.
L-arginine has been emphasized as having an important role in main¬
taining the level of ammonia below toxic levels in the body (Gullino, Winitz,
Birnbaum, Cornfield, Otey and Greenstein, 1956). This assumption has
been supported by Gullino, Birnbaum, Winitz, and Greenstein (1958) in
experiments with rats. These investigators demonstrated that intraperi-
toneal administration of L-arginine-HCL, alone or in combination with
other compounds, is capable of invariably protecting rats from death if
they were also injected intraperitoneally with lethal levels of ammonium
salts.
Gidekel, Sherlock, Peterson and Vanamee (I960) reported that L-
arginine-monohydrochloride causes a transient rise in the blood urea
nitrogen by increasing the urea production. In patients with mercurial-
refactory edema they observed marked diuresis after intravenous
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administration of L-arginine-monohydrochloride for hepatic coma.
They concluded that this drug was an effective ’’priming” agent for
mercurial diuresis in patients where fluid retention presents a pro¬
blem. Ogden, Scherr, Spritz, Rubin and Luckey, (1961) supported
these data when they found that daily administrations of a large dose
of Li-arginine-monohydrochloride was an effective method of producing
responsiveness to mercurial diuretics in patients with refractory
retention of fluid due to hepatic cirrhosis or congestive heart failure.
In view of the facts that desthiobiotin possesses some growth
activity; that deoxypyridoxine affects protein metabolism by interfering
with metabolism, and that L-arginine-monohydrochloride is suspected
of being involved in nitrogen metabolism, it seems likely that these com¬
pounds might possibly have some effect on nucleic acid and protein meta¬
bolism in an m vitro system.
CHAPTER m
MATERIALS AND METHODS
Rana catesbeiana and Rana clamitans larvae were purchased from
the Carolina Biological Supply House in Burlington, North Carolina. They
were placed in an aquarium and provided for until ready for experimental
use. The growth analogs, dl-desthiobiotin, deoxypyridoxine-hydrochloride
and L-arginine-monohydrochloride were obtained from the Nutritional
Biochemicals Corporation, Cleveland, Ohio.
To insure a sterile environment during culture procedures, the
culture area was wiped down with a 70% ethyl alcohol solution. Glass¬
ware and surgical instruments were dry sterilized for three hours at a
temperature of 170 C, while fluid media were steam sterilized in an
autoclave at 15 lb pressure for 1/2 hr at a temperature of 120 C.
Holtfreter's physiological saline solution was used as the basic
culture medium (Rugh, 1965). It was modified by the addition of 0. 2
gm of dextrose for each 100 ml of solution. According to Lewis (1922),
the addition of dextrose to the culture medium appears to prolong the
life of the cultures. Before use, the modified Holtfreter's physiological
saline solution was adjusted to a pH range of 7. 6-7. 8 by adding sodium
bicarbonate. Four drops of a 1% Phenol red solution was used as a pH
indicator. Phenol red produces a yellow color at pH 7. 0 or less, a pink
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color at pH 7. 6-7. 8, and changes to purplish red at pH 8. 2 or higher
(Cameron, 1950). The pH was determined for accuracy with a Coleman
Metrion III pH meter.
All experimental media were prepared by dissolving dl-desthiobiotin,
deoxypyridoxine-hydrochloride or L-arginine-monohydrochloride in the
modified Holtfreter's solution. Changes in pH caused by addition of the
growth analogs to the Holtfreter's solution were corrected to pH 7. 6-7. 8
by the previously described procedure.
Tadpole tails were excised approximately 3. 0-5. 0 cm from the tip
by employing a sterile sharp razor blade. They were immediately placed
in a 1% ethylene-diamine tetra-acetic acid solution (versene) with 0. 65%
sodium chloride solution as the solvent. The tails were then incubated
at a temperature of 37. 5 C for 5-6 hr. Upon completion of the incubation
period, the tails were transferred to a petri dish containing the modified
Holtfreter's solution. Notochords were isolated from their sheaths and
surrounding musculature by applying a gentle pressure in a posterior-
anterior direction with a section lifter. Isolated notochords were trans¬
ferred to a second petri dish containing modified Holtfreter's solution and
remained there until cultured. All notochords were cultured in sterile
10x75 mm culture tubes within 30 min after isolation.
Each series of experiments included control and experimental cultures.
The control groups consisted of notochord tissue ranging from 3-5 mm in
length plus 1. 0 ml of modified Holtfreter's solution. The experimental
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cultures consisted of notochord plus 1. 0 ml of 0. 01% or 0. 04% dl-desthio-
biotin solution; 0.1% or 0. 2% deoxypyridoxine-hydrochloride solution
and 0.1% or 0.2% L-arginine-monohydrochloride solution.
All dl-desthiobiotin cultures were incubated for intervals of 48
and 120 hr at 29 C, whereas deoxypyridoxine-hydrochloride and L-arginine-
monohydrochloride cultures were incubated for intervals of 48 and 72 hr
at 29 C. Cell viability tests were performed at 24 hr intervals by using a
2% solution of trypan blue. In a 2% solution of trypan blue, damaged cells
absorb the dye, whereas viable cells remain colorless (Girardi, McMichael,
Jr. , and Henle, 1956).
At the end of the allotted incubation periods, some of the notochords
were removed from the culture tubes and pipetted into small jars containing
15% buffered formalin and refrigerated. Others were placed in small jars
of Carnoy's fixative and left at room temperature. After 48 hr of fixation,
the formalin-fixed notochords were washed in running water while Carnoy-
fixed notochords were washed in 95% ethanol. The notochords were sub¬
sequently dehydrated in ethyl alcohol solutions, cleared in xylol, infiltrated
in soft and hard paraffin and embedded.
Formalin-fixed notochords were cut at 10 and stained with Harris
hematoxylin and eosin (Humason, 1967). Carnoy-fixed notochords were
cut at 5 and 10 . The 5 t* sections were stained with mercury brom-
phenol blue for the detection of proteins (Mazia, Brewer and Alfert, 1953),
while the 10/‘sections were stained with methyl-green-pyronin Y for detection
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of DNA and RNA (Kurnick, 1955). Notochords fixed in formalin and
Carnoy's fixatives were also stained with Alcian blue to detect carbo¬
hydrates with free acidic groups and alizarin red-S for demonstrating
calcium (Humason, 1967).
Photomicrographs were made of controls and sections indicating




In tissue culture procedures, a commonly encountered problem
is that of determining cell viability. To obtain an indication of the via¬
bility of notochords used in this investigation, a notochord was exposed
to a 2% solution of trypan blue at intervals of 24 hr. The notochord was
judged viable if the cells remained colorless (Girardi, McMichael, and
Henle, 1956).
The isolated, untreated notochord (Fig. 1) was comprised of a row
of peripheral cells (p) enclosing a central region of large vacuolated cells
(v). The predominantly polygonal peripheral cells displayed prominent
nuclei (n) surrounded by meager amounts of cytoplasm. Notochords which
were cultured in the presence of the growth analogs dl-desthiobiotin, deoxy-
pyridoxine-hydrochloride, and L-arginine-monohydrochloride showed
morphological as well as histochemical changes. An account of these changes
will be presented under the headings of histological observations and histo¬
chemical observations. Regions within the notochord referred to as chon-
drogenic sites in the following account were verified as such by staining
reactions with Alcian blue and alizarin red-S.
Histological Observations
An examination of 48 hr control notochords (Fig. 2) revealed that the
12
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Fi^. 1. Transverse section through a control notochord after
48 hr showing prominent nuclei (n) of peripheral (p)
and vacuolated (v) cells. Hematoxylin and eosin. X400.
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Fijg. 2. Transverse section through a control notochord after 48
hr showing deep staining pynotic nuclei (n) and vacuolated
cell nucleus (vn). Hematoxylin and eosin. X400.
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nuclei had a strong affinity for the hematoxylin and eosin staining pro¬
cedure. The nuclei (n) of the peripheral cells stained dark blue-purple
while the cytoplasm retained a pinkish hue. Nuclei of vacuolated cells
(vn) did not stain as deeply as peripheral notochordal cell nuclei. The
peripheral notochordal cells were generally arranged in a single con¬
tinuous layer. In some 48 hr control notochords (Fig. 3), extensive
chondrification sites (ca) were observed in regions immediately below
the peripheral notochordal cells. The cytoplasm contained randomly
arranged nuclei (n) which stained similar to those of the peripheral cells.
Other chondrification sites were also observed in various regions of the
vacuolated notochordal cells (v). Although mitotic activity had taken
place, there were no mitotic figures located among the peripheral noto¬
chordal cells nor within chondrification regions.
Notochords cultured for 72 hr as controls had very much the same
general characteristics as those cultured for 48 hr. The 120 hr controls
(Fig. 4) exhibited spherical nuclei (n) which did not stain as intensely
with hematoxylin as did the 48 or 72 hr controls. The cytoplasm enclosing
some of these nuclei revealed small protoplasmic projections. Chondri¬
fication sites in both 72 and 120 hr controls were not as extensively
developed as those observed in 48 hr controls.
Histologically there appeared to be very little, if any, difference
between notochords treated with 0. 01% and 0. 04% dl-desthiobiotin. The
intensity of nuclear staining was not as strong as that observed in 48 hr
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Fig. 3. Transverse section through a control notochord after 48
hr showing chondrogenic activity (ca) in the vacuolated
cells (v) immediately below the periphery (p) of the noto¬
chord. Note randomly arranged nuclei (n). Hematoxylin
and eosin. X400.
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Fi^. 4. Transverse sectidn through a control notochord after
120 hr showing lightly stained peripheral notochordal
cell nuclei (n). Note also vacuolated cell (v) and nucleus
(vn). Hematoxylin and eosin. X400.
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controls stained with hematoxylin and eosin. As a result of this,
nuclear detail was more discernible in these 48 hr experimentals
than in the 48 hr controls. Incidents of multilayered (Fig. 5) peri¬
pheral cells (p), having nuclei (n) arranged randomly, occurred in
many instances around the periphery of dl-desthiobiotin treated notochords
at 48 hr. Chondrogenic sites, similar to those observed in the controls,
were also noted in dl-desthiobiotin treated notochords. In a 0. 01%
experimental (Fig. 6), incipient chondrogenesis (ca) was noted in which
precartilage cells appeared to be originating from the peripheral noto¬
chordal cells and migrating into the vacuolated cells. In general, chon¬
drogenic sites (Fig. 7) were not as extensive in the dl-desthiobiotin
treated notochords as in the 48 hr controls notochords. Notochords
treated with 0. 01% and 0. 04% dl-desthiobiotin for 120 hr stained similarly
to 48 hr experimentals with the hematoxylin and eosin procedure. Chon¬
drogenic activity, as compared with 120 hr controls, was more evident
in the 120 hr experimentals.
Culturing notochords for 48 hr in 0.1% and 0. 2% deoxypyridoxine-
hydrochloride produced a staining reaction with the hematoxylin and eosin
procedure that rendered nuclei purple and cytoplasm deep pink in color.
A 0.1% experimental notochord (Fig. 8) manifested ’’atypical” development,
in that there appeared to be an outgrowth (g) of notochordal tissue from
the periphery. In this outgrowth numerous nuclei (n) were observed to
be randomly arranged (Fig. 9) with fibers (f) dispersed between them.
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Fig. 5. Transverse section through a 0. 04% dl-desthiobiotin treated
notochord after 120 hr showing multilayered peripheral cells




Fi^. 6. Transverse section through a 0.01% dl-desthiobiotin
treated libtochord after 48 hr showing incipient chon-
drification (ca) spreading from the periphery of the
notochord toward the vacuolated (v) cells. Hematoxylin
and eosin. X400.
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Fi^. 7. Transverse section through a 0. 01% dl-desthiobiotin
treated notochord after 48 hr showing chondrogenic
activity (ca). Hematoxylin and eosin. X400.
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Fig*. 8. Transverse section through a 0.1% deoxypyridoxine-
hydrochloride treated notochord after 48 hr showing
outgrowth (g) of notochord and increased number of
nuclei (n) within this region. Methyl-green-pyronin
Y. XIOO.
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Fig. 9. Transverse section through a 0.1% deoxypyridoxine-
hydrochloride treated notochord after 48 hr showing
fibers (f) dispersed between randomly arranged deeply
stained nuclei (n). Hematoxylin and eosin. X400.
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Chondrogenic sites which appeared in this series of experimentals were
more numerous in notochords treated with 0. 2% deoxypyridoxine-hydro¬
chloride than in 0.1% treated notochords at 48 hr. Staining of peripheral
notochordal cell nuclei and vacuolated cell nuclei with hematoxylin
was intense in both 0.1% and 0. 2% deoxypyridoxine-hydrochloride treated
notochords at 72 hr. Chondrification sites were present in notochords
at both concentrations of deoxypyridoxine-hydrochloride at the end of
72 hr and were comparable to those seen in 72 hr controls.
Multilayered peripheral cells (p) and randomly arranged nuclei (n)
were noted in notochords (Fig. 10) cultured with 0.1% and 0. 2% concen¬
trations of L-arginine-monohydrochloride at the end of 48 hr. This
stacking of nuclei (Fig. 11) persisted around the entire notochord in
many cases. The nuclei (n) stained purple with hematoxylin while the
dense matrix-like material (m) in which the nuclei appeared to be em¬
bedded stained intensely with eosin. Notochords cultured for 72 hr in
0.1% and 0.2% L-arginine-monohydrochloride displayed deeply staining
nuclei with hematoxylin. The 0. 2% experimentals appeared to have a
greater affinity for the hematoxylin than did the 0.1% experimentals.
Histochemical Observations
Methyl-green-pyronin Y method for DNA and RNA
At the end of 48 hr (Fig. 12), peripheral (pn) and vacuolated noto¬
chordal cell nuclei (vn) of controls stained from bright green to purple
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Fig. 10. Transverse section through a 0.1% L-arginine-mono-
hydrochloride treated notochord after 48 hr showing
multilayered peripheral cells (pc) and randomly arranged
nuclei (n) within matrix-like material (m). Hematoxylin
and eosin. X400.
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Fig. 11. Transverse section through a 0.1% L-arginine-mono-
hydrochloride treated notochord after 48 hr showing
deeply stained nuclei (n) in multilayered arrangement
surrounding periphery of the notochord. Hematoxylin
and eosin. XIOO.
Transverse section through a 48 hr control showing
green staining peripheral nuclei (pn), vacuolated
cell nuclei (vn), and red staining cytoplasm (c). Note
chondrogenic regions (ca) below peripheral cells.
Methyl-green-pyronin Y. X400.
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while the cytoplasm (c) stained red. The red staining regions in which
numerous red granules were noted upon close examination represented
active RNA sites. This description for the 48 hr controls was also
applicable to the 72 and 120 hr controls. Nuclei of chondrification
sites displayed the same staining characteristics as the peripheral
and vacuolated notochordal cell nuclei.
In notochords cultured either in 0. 01% or 0. 04% dl-desthiobiotin for
48 hr, the peripheral cell nuclei (pn) stained predominantly a reddish
hue, while the cytoplasm was practically colorless (Fig. 13). In con¬
trast to this, nuclei (n) of 120 hr experimentals (Fig. 14) were observed
to be bluish-green in color. The cytoplasm, like that of the 48 hr experi¬
mentals, retained practically no stain. These data have been summarized
in Table 1.
The nuclei ranged in color from bright green to blue-green to purple
in both 0.1% and 0.2% deoxypyridoxine-hydrochloride experimentals at
48 and 72 hr (Table 2). The cytoplasm (c) of 0.1% and 0.2% deoxypyri¬
doxine-hydrochloride experimentals at 48 hr (Fig. 15) stained pink,
whereas the cytoplasm (c) of the 0.1% experimentals at 72 hr (Fig. 16)
was a slightly darker red. The cytoplasm in the 0. 2% experimentals of
this series was colorless.
Concentrations of 0.1% and 0.2% L-arginine-monohydrochloride
in the medium for 48 hr produced staining reactions from green to






Fig. 13 Transverse section through a 0. 01% dl-desthiobiotin
treated notochord after 48 hr showing red peripheral
cell nuclei (pn). Methyl-green-pyronin Y. X400.
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Transverse section through a 0. 01% dl-desthiobiotin
treated notochord after 120 hr showing nuclei (n)
stained green. Methyl-green-pyronin Y, X400.
31
Table 1. Notochord cultured for 48 hr and 120 hr with dl-desthiobiotin
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Table 2. Notochord cultured for 48 hr and 72 hr with deoxypyridoxine-


































Fig. 15. Transverse section through a 0.1% deoxypyridoxine-
hydrochloride treated notochord after 48 hr showing
green or purple stained nuclei (n) and pink staining
cytoplasm (c). Methyl-green-pyronin Y. X400.
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Fig. 16. Transverse section through a 0.1% deoxypyridoxine-
hydrochloride treated notochord after 72 hr showing
green staining nuclei (n) and red staining cytoplasm
(c). Methyl-green-pyronin Y. XIOOO.
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cells. The cytoplasm of the 0.1% experimentals retained practically
no coloration while the 0. 2% experimentals stained light pink. Nuclei
(n) of both 0.1% and 0. 2% L-arginine monohydrochloride experimentals
stained (Fig. 17) green at 72 hr, whereas the cytoplasm (c) stained red.
The histoichemical data have been summarized in Table 3.
Mercury-bromphenol blue method for proteins
Control notochords cultured for 48 hr displayed nuclei (n) which
ranged in staining from light blue to purple. The cytoplasm stained
light blue while cell membranes (cm) stained blue to purple (Fig. 18).
Seventy-two hour control notochords and 120 hr notochords stained
similarly. The data for control notochords has been tabulated in Table 4.
Notochords cultured in 0. 01% and 0. 04% dl-desthiobiotin (Table 4)
produced nuclei which stained dark blue and cell membranes that stained
dark blue at 48 hr. Similar results were obtained with 120 hr experi¬
mentals.
Notochordal cell nuclei (n) of 0.1% and 0.2% deoxypyridoxine-
hydrochloride (Fig. 19) were observed to be deep purple in color at
48 hr. In contrast to this, 72 hr experimentals had predominately
blue nuclei. Nuclei within the **atypical" outgrowth regions stained
purple along with their surrounding fibers. The cytoplasm and cell
membranes appeared to range in color from blue to purple in both 48
and 72 hr experimental notochords cultured with 0,1% and 0.2% deoxy-
pyridoxine-hydrochloride in the medium (Table 5).
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F,ig. 17. Transverse section through a 0. 2% L-arginine-mono-
hydrochloride treated notochord after 72 hr showing
green staining nuclei (n) and red staining cytoplasm (c).
Nuclei of the vacuolated cells (vn) also stained green.
Methyl-green-pyronin Y. X400.
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Table 3. Notochord cultured for 48 hr and 72 hr with L-arginine-







48 Notochordal cell Red No Light
cytoplasm stain pink
72 Notochordal cell Red Red Red
cytoplasm
48 Notochordal Bright Blue Green
nuclei green to green to
purple purple
72 Notochordal Bright Green Green
nuclei
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Fi^. 18. Transverse section through a 48 hr control notochord
showing purple staining nuclei (n) and cell membranes
(cm). Mercury-bromphenol blue. X400.
39
Table 4. Notochord CTiltured for 48 hr and 120 hr with dl-desthio-
















































Fig. 19. Transverse section through a 0. 2% deoxypyridoxine-
hydrochloride treated notochord after 48 hr showing
purple staining nuclei (n) and cell membranes (cm).
Note purple staining chondrogenic sites (ca). Mercury-
bromphenol blue. X400.
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Table 5. Notochord cultured for 48 hr and 72 hr with deoxypyridoxine-















































Examinations of notochords treated with 0.1% L-arginine-mono-
hydrochloride in the culture medium for 48 hr revealed light purple
staining nuclei and cytoplasm while cell membranes stained deep purple
(Table 6). On the other hand, 0.2% experimentals of the same series
produced light purple staining nuclei and blue staining cytoplasm and
cell membranes. The notochordal cell nuclei and cytoplasm after 72
hr of treatment with 0.1% L-arginine-monohydrochloride in the medium
retained a blue color. Cell membranes of 0.1% experimentals stained
purple in contrast to cell membranes of 0. 2% experimentals which were
blue in color.
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Table 6. Notochord cultured for 48 and 72 hr with L-arginine mono¬














































This investigation has revealed the development of cartilage in
isolated notochords cultured in vitro. Even though the role of the noto¬
chord in chondrogenesis has been explored by numerous investigators,
there still remains some controversy. Kitchen (1949) reported that
urodeles failed to develop vertebral structures upon removal of the
notochord. On the other hand, Holtzer (1952) performed a similar
experiment and found that vertebral cartilage did develop in the absence
of the notochord. Subsequently, Holtzer, Holtzer and Avery (1955)
found that chondrogenesis of the vertebrae could occur in amputated
salamander tails even when the notochord failed to regenerate. In
the chick, Avery, Chow, and Holtzer (1956) found the notochord to be
active in the induction of somitic cartilage only when the notochord and
somites were in contact. The isolation of a chondrogenic factor from
the spinal cord and notochord was accomplished by Lash, Hommes and
Zilliken in 1962. They found this factor to be capable of inducing somitic
cartilage in vitro. In an investigation of the effects of sodium and
potassium thiocyanate on amphibian notochords cultured in vitro,
Cheevers (1967) reported incidents of cartilage formation in control
notochords. Using similar culture procedures, Dixon (1968) was unable
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to locate chondrogenic sites in control notochords.
The incidents of extensive chondrogenic sites observed in this
investigation might be attributed to a difference in culture temperatures.
Cheevers (1967) did not report her culture temperatures, but Dixon's
(1968) experiments were carried out at 37 C. Recently there has been
some question as to whether older amphibian cells should be cultured
at temperatures used for culturing chick and mammalian cells. Jacobson
(1967) suggested a lower temperature for older amphibian cells, rather
than the generally used 37 C. It appeared that lower temperatures en¬
hanced the chondrogenic activity of amphibian notochords cultured in
vitromore so than higher temperatures. Thus it seemed that the noto¬
chord under certain conditions of culture may transform its own cells
into cartilage, as well as induce the formation of cartilage in other
tissues.
The intense staining of notochordal cell nuclei in some controls,
deoxypyridoxine-hydrochloride, and L-arginine-monohydrochloride
treated notochords of various concentrations tended to suggest the
initiation of cell senescence. This process, known as nuclear pyknosis,
has been characterized by intensely stained, shrunken nuclei displaying
a progressive loss of structural detail (DeRobertis, Nowinski and Sae^:,
1965). However, with the exception of some L-arginine-monohydro¬
chloride treated notochords that revealed irregular outlines, nuclei
tended to maintain an ellipsoidal or rounded shape.
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From a biochemical viewpoint, changes in the DNA molecule can
be of significance during cellular senescence. DeRobertis, Nowinski,
and Saez (1956) stated that there was an increase in cross linkage in the
nucleo-proteins with aging. This action caused increased stability and
thus reduced the action of DNA on the synthetic processes of the cell.
DNA and RNA activity of controls, as indicated by the selective staining
of tissue in methyl-green-pyronin Y, did not appear to be reduced.
Staining reactions were indicative of highly polymerized DNA and active
RNA sites. This was evident in both the deoxypyridoxine-hydrochloride and
L-arginine-monohydrochloride treated notochords, even though these experi-
mentals displayed nuclear pyknosis. On the contrary, dl-desthiobiotin
treated notochords which did not exhibit nuclear pyknosis, strongly indicated
reduction in DNA activity at 48 hr. Therefore, it is questionable as to
whether one may correlate the reduction of DNA activity with nuclear
pyknosis in a histochemical procedure employing methyl-green-pyronin Y.
Desthiobiotin is considered to be a vitamer of biotin. Thus it is
structurally related and maintains qualitatively similar activity. It has
been found to be equally as effective as biotin in stimulating the growth
of Saccharomyces cerevisiae, but was incapable of affecting Lactobacillus
casei in a like manner (Melville, Dittmer, Brown and Du Vigneaud, 1943).
This was later explained when it was discovered that S. cerevisiae was
capable of converting desthiobiotin into biotin or some biotin vitamer,
whereas L. casei was not (Dittmer, Melville, Du Vigneaud, 1944).
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Pai and Lichstein (1965) substantiated these reports with both growing
and resting cells of a biotinless mutant strain of Escherichia coli.
The optically inactive form, dl-desthiobiotin, was discovered to be about
50% as active as d-desthiobiotin (Rubin, Drekter, and Moyer, 1945).
Thus it is reasonable to assume that a compound having the potential
of growth activity might instigate nucleic acid and protein activity in an
in vitro system.
Notochords cultured in varying concentrations of dl-desthiobiotin
displayed no increase in DNA or protein activity at 48 hr. Data obtained
from the methyl-green-pyronin Y procedure suggested a decrease in DNA
activity in the majority of the notochords used in the 48 hr experimental
series. Since methyl-green specifically stains polymerized DNA and not
depolymerized DNA, it was inferred that dl-desthiobiotin provoked de¬
polymerization of DNA in the notochordal cell nuclei. The fact that the
nuclei stained red with pyronin, which stains depolymerized DNA as well
as RNA, further supported this assumption. On the other hand, the 120
hr dl-desthiobiotin experimentals suggested the opposite. Staining reactions
with methyl-green-pyronin Y denoted the presence of polymerized DNA.
It, therefore, seemed that the initial reaction of the notochord when
cultured with dl-desthiobiotin involved a decrease in DNA activity which
ultimately increased with culture time.
The amount of proteins and peptides in dl-desthiobiotin treated noto¬
chords, as compared with controls, was difficult to determine. Staining
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reactions with mercury bromphenol blue indicated that dl-desthiobiotin
and control notochordal nuclei contained similar amounts of proteins,
whereas control notochordal cell membranes and cytoplasm appeared
to contain slightly more proteins than dl-desthiobiotin notochords. If
DNA was depolymerized by dl-desthiobiotin, it was unlikely that dl-
desthiobiotin treated notochords would contain a greater amount of pro¬
tein than the controls, since DNA is involved in protein synthesis.
Although the controls and dl-desthiobiotin experimentals illustrated
approximately equal amounts of proteins, there is the possibility that
some of the protein in the controls may have been extracted through
washing procedures, and mercury bromphenol blue responses are only
specific for proteins which are retained. It appeared, therefore, that
notochordal cells were capable of converting dl-desthiobiotin into bio¬
tin or some biotin vitamer after a certain lag in time.
Deoxypyridoxine, an analog and metabolic antagonist of pyridoxine
has been found to inhibit the multiplication of mumps and influenza (PR8)
viruses in tissue culture (Cushing, and Morgan, 1952). Various investi¬
gators (Skipper, Thompson, and Schabel, 1963; Brockman, Thompson,
Schabel, and Skipper, 1956; Mihich and Nichol, 1963) have asserted
that deoxypyridoxine also caused tumor inhibition in mice fed pyridoxine
deficient diets. The data from these investigations revealed that nucleic
acid activity at various concentrations of deoxypyridoxine-hydrochloride
was comparable to that of the controls. This implied that no metabolic
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inhibition had taken place in notochords treated with deoxypyridoxine-
hydrochloride. It was also noteworthy that cell proliferation occurred
to a large extent in these experimentals.
Staining for proteins in the notochordal cells at 48 hr indicated
considerably more protein in deoxypyridoxine-hydrochloride experi¬
mentals than in controls. At 72 hr there were no apparent differences
between the two, suggesting there was a progressive decrease in pro¬
tein activity in the experimentals. It was conceivable that notochords
cultured in deoxypyridoxine-hydrochloride did not manifest inhibitory
effects in nucleic acid or protein metabolism up to 48 hr.
The management of resistant fluid retention states in combination
with mercurial diuretics has been one of the major uses of L-arginine-
monohydrochloride (Ogden, Scherr, Spritz, Rubin, and Luckey, 1961).
This drug caused a transient rise in the blood urea nitrogen by in¬
creasing urea production (Gidekel, Sherlock, Peterson and Vanamee,
i960). Other investigators {G\xllino, Birnbaum, Winitz and Greenstein,
1958) have demonstrated that this compound also protected rats that
were injected intraperitoneally with lethal levels of ammonium salts
from death. Consequently it was of interest to determine whether
L-arginine-monohydrochloride had any affect on nucleic acid or pro¬
tein activity in individual cells, since it appeared to be connected with
nitrogen metabolism.
Only in one particular instance did there appear to be a difference
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in nucleic acid activity between controls and L-arginine monohydro¬
chloride experimentals. At 48 hr, controls displayed increased RNA
activity when compared with the L-arginine-monohydrochloride experi¬
mentals. In no instances were there observed striking differences in
protein activity between controls and experimentals.
CHAPTER VI
SUMMARY
1. An in vitro investigation on the effects of dl-desthiobiotin, deoxy-
pyridoxine-hydrochloride and L-arginine monohydrochloride on
the notochords of Rana catesbeiana and Rana clamitans larvae
was undertaken. Solutions of dl-desthiobiotin at 0D1%, 0. 04%
and solutions of deoxypyridoxine-hydrochloride and L-arginine-
monohydrochloride at 0.1% and 0. 2% were used.
2. Chondrogenic sites were observed in vacuolated regions of control
and experimental notochords.
3. Nuclei of controls, deoxypyridoxine-hydrochloride, and L-arginine-
monohydrochloride treated notochords showed pyknotic effects.
This criterion of cell senescence could not be correlated with
reduction in DNA activity by use of methyl-green-pyronin Y.
4. No increase in DNA or protein activity was observed in notochordal
cells of dl-desthiobiotin treatment at 48 hr, while increased DNA
activity occurred in notochordal cells at 72 hr.
5. Cell proliferation and increased protein activity occurred in noto¬
chordal cells treated with deoxypyridoxine-hydrochloride at 48 hr.
6. Notochordal cells treated with L-arginine-monohydrochloride
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